Introduction
Silicon carbide (SiC) is a promising material for future power semiconductor devices due to its superior material properties when compare with silicon (Si), such as a large bandgap (3.26 eV for 4H-SiC), a high breakdown electric field (~2.2x10 6 V/cm) and high thermal conductivity (3.0-3.8 W/cm). These, allow a higher operating device temperature, a higher breakdown voltage and a smaller size of the heat sink.
To fully achieve the performances that SiC power devices potentially have, it is necessary to reduce the electric field concentration taking place at the junction edges. So far, numerous techniques have been adapted to improve the breakdown voltage (VBR) mainly under the planar technology, using for example, guard ring [1] , field plate [2] , SIPOS [3] , junction termination extension (JTE) [4] , RESURF [5] etc. However for high voltage devices, these techniques have the drawback of consuming large areas. Recently, thanks to the advancement in the MEMS process technology, the deep trench termination (DT 2 ) technique becomes an appropriate choice for future high voltage power device. The edge termination design is used for improving the VBR and reducing drastically the chip area comparing to the above conventional structures.
The DT 2 was presented the fist time in 1999 by D.Dragomirescu [6] , the results was validated for Silicon in simulation with POWER2D [7] and ATLAS [8] software. In 2003, this concept has been demonstrated experimentally in Si technology [9] for a diode of 1300V. And then, several studies have proposed electrical improvements. Seto et al. [10] emphasized the relationship between the trench depth and the termination length for optimum design with the required termination length and trench depth. Kamibaba et al. [11] pointed out that positive charges due to the holes accumulated in the trench side wall effectively limit the high electric field in chip edge region, which is the key mechanism for the edge termination design with deep trench structure. F. Baccar et al. [12] show the possibility to use the Cyclotene 4026 -46 BCB (BenzoCycloButene) [13] resin in thick layer to realize DT 2 . Its electrical properties are better than those of silicon oxide . 2D finite elements simulations were used to determine the electrical characteristics after mechanical stresses created in the structure.
In this work, the DT 2 used for a 3 kV 4H-SiC bipolar diode is presented. The structure of the diode has been studied and optimized by finite elements of electrical simulations using TCAD SENTAURUS software including dedicated SiC physical models and parameters [14].
Presentation of the 4H-SiC Deep Trench
termination structure 
Physical parameters used for the simulation
This part takes into account the main parameters and its physical models for Sentaurus TCAD simulations.
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A. Bandgap Energy model
The variation of the bandgap energy with the temperature is expressed with the next formula [15] : 
Doping-dependent Mobility
The mobility depends on the total doping level (Ni) and the temperature according to the next formula proposed by Masetti and Caughey-Thomas [18] : Under high electric field (E) the mobility saturation is modeled with the Canali et al [19] . formula : 
C. Impact ionization models
The impact ionization model used is the Van Overstraeten and De Man law [20] : (8) For E<E0, 'low' values are used; 'high' values in the other case. Table 5 . Parameters for electron impact ionization [21] . The device is presented as a meshed finite-element structure. Each node of the device has its own properties, such as material type and doping concentration. For each node, electric field, current density, carrier concentration, generation and recombination rates are computed [1] . In this section, we consider that there are no field plate, trench was filled by SiO2 (relative dielectric permittivity 3.9). The ideal VBR is 3354 V for one dimensional PiN diode structure with an i-layer thickness of 18 μm (doped 8.10 14 cm -3 ). We optimized the depth and width of the trench for obtaining a structure with the VBR as close as possible to the value of the plane case, and at the same time by reducing the chip area. There are a wide variety of design parameters to optimize the VBR value. Fig. 2 shows the potential distribution in structures with trenches with a constant depth (13 µm) and varying the width from 10 to 30 µm. The trade-off curve of the trench depth and the trench width is shown in Fig. 3 with VBR ratio as a parameter. Theses curves point out that even shallow trenches can reduce the termination length. Moreover, it is found that the trench width for each trench depth has no influence on the VBR above a threshold value. There is an optimum value of the width of the trench for each depth. For each width of the trench, the VBR increases significantly with the trench depth. 
A. Optimize the structure of the trench
B. Influence of material field in the trench and field plate
We notice that even for the very large and deep trenches filled with SiO2, the maximum VBR obtained is 2335 V, equal to only 70% of the ideal breakdown voltage. So, we have to find out other solutions still based on the use of deep trenches. Assuming that the surface charge density is negligible at the interface SiC insulation, the ratio of the dielectric fields inside the SiC, ESiC, and the insulating material Eins.mat, is the inverse of their permittivity dielectric:
E SiC E ins.mat = ε ins.mat ε SiC (9) It is very favorable to replace the SiO2 (εr=3.9) by another material BCB with a lower dielectric permittivity value (εr=2.65). The maximum value increases from 2335 V (70% efficiency) up to 2830V (85% efficiency) by using BCB instead the SiO2. In order to increase the VBR, the field plate can be added. The simulation results show thus a 98% efficiency of the DT 2 protection is obtained (Fig. 4) . The dielectric BCB in the trench sustains all the potential, with a critical electric field (5.3 MV/cm) higher than that of silicon carbide. In addition, the field plate disables variations of the electrostatic potential in the SiC, guaranteeing a breakdown voltage of the termination near the infinite plane junction VBR. Therefore, the termination area could also be reduced.
C. Influence of charge at the interfaces SiC/BCB on the V BR
In multi-material devices, thermal variations induce a mechanical stress. Thus it is possible that fixed charges appear at the SiC/BCB interfaces. Positive and negative fixed charges have been considered. The influence of these charges was of positive charges density the VBR decreases also rapidly. This VBR behavior is correlated with a shift of the boundaries of the space charge region by increasing or decreasing the distance between the equipotential lines. This technique seems also to be appropriate for a wide VBR ranges. Fig. 6 presents the simulation results for a 25kV diode. The DT 2 protective performance reaches to 96% compared to the ideal breakdown voltage. At the same time the diode surface area decreased by ~10 times when compared with a diode protected by JTE [22] . We note here that the structure we present in Fig. 6 is not optimized.
Conclusion
In this paper, a termination technique utilizing DT 2 is proposed for SiC power devices, BCB is used to fill the trenches. The proposed termination techniques are relatively simple to fabricate and attractive for junction termination of SiC power devices with drastically reduced areas. 
